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RESEARCH MEMORANDUM

GENERAT, HANDLING—QUALITIHS RESULTS OBTAINED DURING ACCEPTANCE
FLIGHT TESTS OF THE BELL XS—1 ATRPLANE

By Walter C. Williams, Charles M. Forsyth, =and Beverly P. Brown
SUMMARY

During the acceptance tests conducted by the Bell Alrcraft :
Corporation on the Bell XS—1 transonlc research alrplane, NACA instru—
ments were 1lnstalled to measure the stabllity and control charac—
teristicse and the serodynamic loads. Tests were made in gllding
flight and in powered flight. Two Bell XS—1 slrplanes were used
during the program; one airplsne hed wing and tall thicknesses of
10 percent and 8 percent of the chord, vrespectively, and the other
airplane hed wing and tall thicknesses of 8 percen: and 6 percent of
the chord, respectively. The results for the stablility and conirol
measurements are presented in thie paper.

In general, the handling qualities of the Bell XS~1 alrplane are
satisfactory in the flight range from minimum speed to 2 Mach number
of about 0.8, and the airplane should be satisfactory for use as a
research vehicle. The longlitudinal stabillty was positive but low
for all conditions tested. The directional atabllity was exceptionally
high, and the lateral stabllity was positive throughout the speed range
tested. Alleron control was adequate. The stalling characteristics
were considered satisfactory with stall warning in the form of
buffeting. The large amount of friction in the control system, coupled
with low control-operating forces, made exact control of the alrplane
difficult. ’

There was no appreciesble difference in the handling qualities of
the Bell XS—1 with the lO-percent—thick wing and with the 8-percent—
thick wing In the speed range tested.

INTRODUCTION

During 19ikl, the Army and the NACA begen a cooperative program
for the development and the procurement of a series of alrplanes for
flight research in the transonic and supersonic speed range. This
program was undertaken in anticipation of the increase in importance
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2 NACA RM No. 18A09

of flight research in the transonic speed range where the aserodynamic
characteristics of sirplanes were known to show large and sudden
changes and where wind tunnels would require long and painstaking
development to provide dependable data.

As the first phase of this long~range high~speed flight research

program, the Army Air Forces procured from the Bell Alrcraft
Corporation ths IS-1l, e straight—wing rocket—powered airplans.
During the design of this airplane, extensive tests were run in NACA
wind tunnels. When the alrplane reached the flight—test stage, NACA
recording instruments, whlch provided data on flights made during the
Bell acceptance tests, were installed.

The first flight tests for the Bell XS-1 were a series of ten
glide flights made at Pinecastle Army Air Field, Fla,., in early 1946,
During these flights, which were made for the purpose of flight—
checking the technique of launching the Bell XS-1 from a B~29 and in
order to obtein prelimlnary hendling characterlistics, the rocket motor-
fuel tanks and accessories were not installed. KNACA instrumentation
for the measurement of stebhility and control characteristics was
installed. The remaining demonstration flights were made at Muroc
Army Air Base, Calif., from October 1946 to June 19%7. During these
flights, the rocket engine was installed. For these acceptance
flights, the Bell Alrcraft Corporation had to demonstrate that the
airplane had satisfactory stadility and control characteristics up
to a Mach number of 0.8 and also had to demonstrate flight loads
of 8g at an indicated airspeed not exceeding 500 miles per hour, and
flight lomds of 8g at the minimum speed at which this loading could
be attalned. Six glide flights and twenty powered flights were made
during these tests. NACA instruments to measure stablility and control
characterlatics and aerodynamic loeds were installed for all flightas.
Two Bell XS—1 airplenes were used in these tests; one had e wing and
tail thickness of 10 percent and 8 percent of the chord, respectively,
and the other had a wing and tall thickness of 8 percent and 6 percent
of the chord, respectively. Most of the flights were made with the
airplane with the thicker surfaces, but some data were obtained for
the alirplene with the thinner surfaces.

The present paper summarizes the results of the stablllity and
control tests made during the Bell conducted acceptance tests on the

Bell XS=1. The results of the aerodynamic-loads measurements are
presented in reference 1.

SYMBOLS

vy indicated airspeed, miles per hour

v true airspeed, feet per second
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M Mach number

g acceleration of gravlity,:feet per second per second

P rolling veloclty, radlans per second

)] iring span, feet |

Cn* partial derivative of yawling-moment coefficlent with respect
to angle of yaw

1 airplane density factor (B'S%)

m mass of alrplsne, slugs

D mase densitylof air, slugs per cublec foot

S wing area, square feet

CN normel—force coefficient —L
| 0.7M2p S

w airplane weight, pounds
Py statlc pressure, pounds per square foot
d.Ch d.Ch
T elevator effectivenessa i /=
ATRPLANE

The Bell XS-1 airplane 1s a Blngle—place, midwing monoplane
powered by a four-cylinder, llquid—fuel rocket engine, bullt specifi-
cally for flight research in the transonic speed range. The physical
characteristics of the alrplane as tested are listed in table I. A
three—view drawing of the alrplane 1s presented in figure 1 and
- photographs of the alrplane are presented as figure 2. The varlation
of control-surface position with wheel and pedal movemsnt la presented
in figure 3. Figure 4 presents no-load messurements of the control—
system friction made by measuring the control position and control
force as the control was slowly deflected. The large amounts of
friction in the rudder and alleron control systems should be
especially noted.
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INSTRUMENTATION

The NACA instrumentation installed in the Bell XS—1 airplane to
measure the necessary quantities pertinent in determining the handling
characteristics of the airplane consisted of standard NACA internsal
recording instruments synchronized by means of a timer, a 16-millimeter
gun camera to photograph the pilot's instrument panel, a six—channel
NACA radio telemeter, and an SCR 584 radar unit.

The standard NACA internsl recording instruments meassured the
following quantities:

Indicsated alrspeed
Pressure altitude

Acceleration sbout three axes (normal, longitudinal, and
transverse)

Rolling or pitching velocity
Sideslip angle

Control positions (elevator, stabilizer, rudder, and right
aileron)

Control operating forces (elevator, aileron, and rudder)
The NACA radlo telemeter recorded the following:
Indicated airspeed
Pressure altitude
Normal acceleration
Elevator position
Right aileron position
Rudder posltion
The SCR 584 radar set was modified for longer range and incorpo-—
rated sn M-2 optical tracking unit to reduce the hunt inherent with the
radar when tracking is done sutomatically. The radsr recorded airplane

azimth and elevation angle ani slant range from which the Bell XS-1
flight path was obtained.



NACA RM No. L8409 5

The use of both internel and remote recording of the guantitles
necessary to determine control behavior enhanced the possibilities of
obtalning data for each flight, even in the case of an accident .
resulting in the loss of the alrplense.

The elevator deflections presented in this paper were measured
with respect to the stablilizer. The stablllzer angles were measured
with respect to the fuselasge center line and are considered positive
when the stabilizer nose is up. Rudder and aileron deflections were
measured with respect to their neutral positions.

A preliminary calibration of the error in the static-pressure
system was made by the radar—tracking method. The results of -this
calibration, although limited, indicated that the static-pressure
error was small and so, consequently, wes neglected.

TESTS, RESULTS, AND DISCUSSION

Since only a limited number of flights were made during the
acceptance tests, a complete evaluation of the handling characteristics
of the airplsne was not obtalned. It is felt, however, that sufficient
information has been obtained to determine whether the alrplane
possesses satisfactory handling qualities for the speed range tested
unier normal operating conditions and to serve as a gulide for future
research flying at higher speeds.

The Bell XS-1 airplane is carried aloft In the modified bomb bay
of a B—29 ailrplane and launched -at altitude. The launching charac—
teristics of the Bell XS~1 are entlrely satisfactory when the XS-1 is
dropped from the B—29 at about —0.3g normel acceleration. The XS-)
is launched from the B—29 at an indicated airspeed of 260 miles per
hour so that lsunching is accomplished well above the stalling speed
of the XS-1, which 1s over 200 miles per hour when the XS-1 is fully
serviced.

Control—force and position measurements obtained whlle various
combinations of the four rocket chambers are either ignited or cut
off indicate that trim changes due to power are small. In view of
the large chenges in wing loading with the rocket engine opsrating
and difficulties experlenced in determining airplane weight in flight,
most of the results presented herein are for the fuel-empty conditlon.
The wing loadings and center—of—gravity locatlons for power-on flight
are therefore only approximations.

Longitudinal Stebility and Control

The dynemic longitudinal stability of the Bell XS-1 was investi—
gated in maneuvers made by abruptly deflecting and releasing the
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elevator control. Resultis of these tests are presented in figure 5.
This figure shows that the short—period longlitudinal oscillation is
completely damped. -

The static longltudinal stabllity was obtalned from measurements
of the elevator positions and forces requlired to trim at various
speeds. Figures 6 to 9 present the results of these measuremsnts.

In figure 6 the elevator position and force required for trim as a
function of indicated alrspeed 1s plotted for steady gliding flight
at various wing loadings and stabllizer positions for the airplane
wilth the 10-—percent-—-thick wing. ZExamination of the data shows that
both the stick—~fixed and stick-free static longitudinal stability are
positive but low. The relatively high friction in the elevator
control (*3 1b) combined with the small size of the elevator and low
stick—free stabllity has the effect of masking the mesasured control
forces. The elevator—-position variation with Ilndicated alrspeed of
figure 6 1s replotted in figure 7 as the variation of elevator
position for trim with normal—force coefficient. The elevator
poslitlons have been corrected to zero stabllizer angle by using a
value of 71, the elevator effectiveness, of 0.42 obtained from flight
data. A marked increase in the stick—fixed statlic stability is
noticed es maximmm 1ift 1s approached. These results are in general
agreement with wind-tunnel results.

The varlation of elevator position with indicated alrspeed and
Mach number for steady power—on flight is presented in figure 8. The
center—of—gravity location for these results was at about 22.6 percent
mean asrodynamic chord as compared with the center—of-gravity location .
of sgbout 25 percent mean serodynamic chord for the resultis of fig—
ures 6 and 7. The speed range covered was from an indicated airspeed
of 284 miles per hour to 406 miles per hour and for a Mach number
range from 0.53 to 0.75. The results as seen from this figure indicate
that power has little effect on the longitudinal stabllity of the
Bell XS—1 up to the highest speeds tested. Also, no undesirable
longltudinal-trim changes are Indicated.

The results of tests with the 8-percent—thick wing (fig. 9) in
steady gliding flight, although limited, bear out the positive but
low stetic longitudinal stability evidenced by the results for the
airplene incorporsasting the lO-percent—thick wing. No appreclable
differences in the static longitudinal stabllity of the Bell XS5-1 alr—
plane with either the l0-percent—thick or the 8-percent—thick wing
are evidenced from these results (figs. 6 and 9).

The slevator force and deflection required to produce a unit
change in normal acceleration and the elevator deflection required to
produce & unit chenge in normel—force coefficlient in turns are used -
to determine the longltudinal stability of the Bell XS-1 airplane in
accelerated flight. These date were obtained in turns with steadlly
increasing normal acceleration at an essentlially constant airspeed and »
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altitude s0 that complete data for a given Mach number would be
obteined in one run. Time historlies of two turns are presented in
figures 10 and 11. In one turn (fig. 10) the record switch was
turned on afier the turn was started, but the twrn wae felrly steady
considering the friction in the control system. In the other turn
(fig. 11) the elevator was moved in an unsteady manner and the rate
of increase of acceleration with time wes too high at the beginning
of the turn. Since several of the turns were made in this manner,
the slopes of the curves of elevator deflection against normel-force
coefficient and the elevator force per g should be compered only in
a genereal way for large changes in acceleration or l1lift coefficlent
for turns at different Mach numbers. Figures 12 through 16 present
the stick-fixed and stick~free accelerated—flight longitudinal—
stability results obtalned from the twrns. The Mach number renge
covered 18 from 0.48 to 0.75. The elevator-position variation with
normal acceleration and normal—force coefficlent and the force

per g gradients indicate a decrease in stability for turns (figs. 13
to 16) made et Mach numbers from 0.65 to 0.72. At the highest Mach
number tested (M = 0.75) an increase in longitudinasl stebility is
indicated (figs. 14 and 16).

The elevator control in landing was sufficiently powerful to
effect landings near minimm speed with the stabllizer set near
-neutral in the center-of-gravity renge tested. Time histories of
lendings ere given in figures 17, 18, and 19. It should be noted
that in figure 19 where the highest lift coefficlent was reached,
nearly full-up elevator was used.

Lateral and Directionsal Stablility and Control

The only measure of alleron effectiveness obtalned during the

. Bell conducted acceptance flights was obtained from a few rudder—
fixed aileron rolls at Indicated airspeeds of 153 miles per hour,
260 miles per hour, and 315 miles per hour. The results are plotted
in figure 20 as the variation of helix angle pb/2V with right
alleron deflection. Examination of this flgure shows that although
the meximum velue of pb/2V with full aileron deflection as obtained
in the rolls at an indicated alrspeed of 260 miles per hour is below
the minimim acceptable of 0.0T7 radian, the rate of change of pb/2V
with aileron deflection compares falirly well with that of present—
day fighters. The aileron control 1s considered satisfactory,
however, because even though the meximum pb/2V obtainsble with the
Bell XS-1 18 low, the rolling veloclties are falrly high because of
the short wing span. No satlsfactory measurements of the alleron
control forces were obtalined because the high alleron friction (see
£ig. L) messked the alleron forces. An indication of the effect of
the alleron frictlion in the handling characteristice of the Bell
XS-1 airplene is given in figure 21, which is & sample time history
from a steady-flight record. The pilot is continually applying
eileron force; the allerons, however, are not moving,
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The static directional stebllity of the Bell XS—1 was measured
in continuous sideslips mede by slowly deflecting the rudder and by
using ailleron and elsvator control to maintain straight flight at
constant speed. The results of these tests are pressnted in fig—
ures 22 to 24 where rudder, alleron, and elevator position and angle
of bank ere shown as functions of sideslip angle. No control~force
measurements were made during these tests. The directional stabllity
as Indfcated by the variation of rudder position with sideslip angle
is very high. Values of Cnv calculated from these data show very

close agreement with the wind—tunnel measured value of cn* = 0,003h,
This value of C, 1Indicates directionel stability about three times

as great as that measured on fighters which were considered tc have
good directional etebility. The lateral stability (dihedral effect)
is positive for ell condltions tested as indicated by the variation
of ailleron position with sideslip angle. The pitching moment due to
sideslip wes small under ell conditions tested 'as shown by the
variation of elevator angle with sideslip angle. The cross-wind
force was positive; that 1s, right bank accompenied right sideslip.

The sideslip due to the use of ailerons was smell even at low
‘speeds due to the high directional stebility and relatively low
- values of helix angle pb/2V. Time histories of alleron rolls made
with rudder fixed are shown in figure 25. The rudder control was
sufficliently powerful to overcome the sideslip due to the use of
“allerons as indicated in Pigure 26, which presents time histories
of abrupt aileron rolle in which the pilot overcontrolled and used
more rudder than necessary to overcome the sideslip due to eilerons.

During the course of the acceptance flight tests, inadvertent
lateral oscillations were encountered at fairly high Mach numbers
which were induced by smell control movements. These oscillations
were poorly damped. A time history of an oscillation encountered in
straight flight is presented in figure 27. An oscillation which
occurred during a turn entry is shown in figure 28. A lateral
osclllation following abrupt release of the rudder from a yawed
condition is shown in figure 29. It should be noted that the
oscillation continues at small amplitude although the initlel damping
of the disturbance 1s satisfactory.

Previous analysis of the lateral-stabllity boundaries for the
Bell XS~1 indicated that, with the high directional stability, the
airplane was in the reglon of spiral divergence and well removed from
the boundary of unstable lateral oscillations. These poorly demped
oscillations were, therefore, difficult to explain. It was thought
that possibly fuel sloshing might be responsible for the poor damping
‘of these oscillations since large quantities of fuel are carried in
gpherical tenks. In order to investigate the possibility of the fuel
affecting the damping of the lateral oscillation, a series of
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pilot—induced oscillations were made with various amounts of fuel
aboard. The altltude for the meneuvers was varied so that the airplane
density factor and Mach number were essentlally constant. The pillot
attempted to deflect the rudder abruptly and then to return the rudder
to neutral end hold it there. The results of these tests are presented
as times histories of the rudder kicks in figure 30. As can be seen in
this figure, the pllot 414 not hold the rudder or asilerons steady afier
ini tially deflecting the rudder. It 1s difficult to draw any definite
conclusions concerning the effects of fuel on the damping of the
lateral osclllstions because of these control motions. There is no
evidence, however, that the presence of fuel aboard hed any effect on
the damping of the lateral oscillations.

Stalling Characteristica

The stalling characteristics of the Bell XS-] were investigated
in unaccelerated flight and in accelerated flight. Time histories of
stalls msde with flaps and gear up are presented 1In figures 31 and 32
for the Bell XS—1 with the 10-percent-~thick wing. In the stall
presented in figure 31, the pilot discontinued the stall approach at
the first roll—off. The pilot reported that the roll-off was
preceded by buffeting. In the stall presented in figure 32, the
pillot continuned the astall approach after the initlial roll. An
oscillation in roll developed which the pilot controlled up to the
stall which was evidenced by the alrplane pitching downward. It
should Pe noted that full-up elevator was used at the stall. For this
time history, it was assumed that the airplane wes at 1lg up to the
time of minimum speed, in calculating vaelues of normal-force
coefficlient. A time history of a stall made with the Bell XS-1 with
the 8—percent—thick wing, flaps and gear up, is presented in figure 33.
The stalling characteristics with the 8-percent—thick wing are similar
to the characteristice mesasured with the l0—percent—thick wing. Time
histories of stalls mede with flaps and gear down are presented in
figures 34 and 35 for the lO-percent—thick and 8-percent—thick wings,
respectively. The stalling characteristics with flape and gear down
are similar to the characteristics with flaps and gear up. The pilot
reported etall warning in the form of buffeting in all cases, and the
rolling motions during the stall were never vliolent. The stalllng
characteristics in 1l g flight, as measured during the flight tests,
are in gensral agreement with the stalling characterlistics predicted
" from the wind—tunnel tests.

" The stalling characteristics in accelerated flight were considered
satisfactory. There was stall warning in the form of buffeting, and
there were no violent motions of the alrplane as the stall was
approached. A time history of a stalled turn ie presented in figure 36.
Time histories of abrupt pull-ups to the stall sre presented in
figures 37 and 38. It should be noted in figure 37 that a rolling
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oscillation accompanies the stall, but the airplame 4id not roll
completely over when .the allerons were not used. In figure 38, aileron
control was applied at the stall and a snap roll resulted.

CONCLUSIONS

General handling—gualitles results obtained during the acceptance
teste conducted by the Bell Alrcrafit Corporation on the XS—1 airplane
showed the following:

1. In general, the handling qualities of the Bell XS-1 sirplane
were satlsfactory for a1l normal operating conditlions tested, from
minimum speed to about a Mach number of 0.8, snd the airplane should
be satisfactory for a research vehicle.

2. The large emounts of friction in the control system made
precision flying of the airplane difficult, and also caused diffi-
culties in the measurement of control forces.

3. No appreciable differences were noted between the handling
characteristice of the Bell X5-1 with the 1O0—percent~thick wing and
with the 8-percent~thick wing.

k, The static longitudinal stability was positive but low
throughout the speed range tested. No sbnormal trim changes due to
Mach number effects were noted.

5. The longltudinal stabllity in accelerated flight was positive
throughout the speed raenge. A region of low stablility was noted 1n
the Mach nunber range from 0.65 to 0.72, but the stability is increased
at a Mach number of 0.75.

6. The elevator control was sufficlently powerful to effect
landings nesr minimm speed with the stabilizer near neutral and the
center of grevity at approximately 25 percent mean serodynamlic chord.

7. The meximum value of pb/2V obtainable with full aileron
deflection was below the required minimum of 0.07 but, due to the
short wing span, the rolling velocities were high enough that the
control was consildered satisfactory.

8. The directional stability as measured in steady sideslips
was very high. The sidesllip due to the use of ailerons was very low,
and the rudder power was sufficient to overcome any sideslip due to
roil,
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9. The lateral stability, as measured in steady sideslips, was
posltive throughout the speed range tested.

10. Poorly demped lateral osclllations were encountered which
cannot be accounted for by the relation of directional stability to
lateral stability, nor can the poor damping of these oscilllatlons
be attributed to fuel sloshing.

11. The stalllng characteristics were satisfactory in straight
£1light and accelerated flight.

Langley Memorial Aeronautical Isboratory
National Advisory Committee for Asronautics
Langley Fleld, Va.

REFERENCE

1. Beeler, De E., and Mayer, John P.: Measurements of the Wing and
Tail Toads during the Acceptance Tests of XS-1 Research
Airplane. NACA RM No. L7112, 19h7.



12 NACA RM No. 1L8A09

TABLE I
PHYSTICAL CHARACTERISTICS OF BELL XS-1 AIRPLANE

Engines: . « « « » s+ « « » o « » « Reaction Motors, Inc. Model 6000Ch
Rating . .« « ¢« + « o« ¢ « o« 1500 1b static thrust at sea level for
each of the four rocket cylinders

Propellant:
Fuel . « « . &
Oxidizer . . .
Propellent flow .
Fuel feed . . . &

e« s+ ¢ ¢ » o » Diluted ethyl alcohol
e o s« s o o & o o o « Liguid oxygen
. Approximately 7.9 1b/sec/cylinder
« « « « High pressure nitrogen gas

L] L] * []
L] L] L L
L] L] . L]
* L] L) L]
L] . L) L
* L] L] L ]

Welght for acceptance tests:
Maxinums
With full load and incorporating 8-psrcent—thick
wing, l.b - - L ] L d * . L] . L] * [ ] . . . - * - > [ ] L] * L] 12,250
With full load and incorporating l0-percent—thick
wins,lb ...................-..12,000
Minimmg
Landing condition, 8-percent—thick wing, 1b . . . . . . . 7,000
Landing condition, 1O-percent—thick wing, 1b . . . . . . 6,750
Without engine or accessories (Fla. tests), 1 . . . . . . 4,230

Wing loading:
Maximm (8-percent—thick wing with full fuel load),
lb/sq ft L] L L3 - L ) * L ) - L] ' . L] - L] L ] - L] L] L] < - L] L] L) - 9]+ .h
Minimm (10-percent—thick wing without engine or
accessories, Fla, teste), 1b/8q £t « « ¢« « ¢« ¢ ¢« ¢ + « + « 32.6

Center—of-gravity travel, percent M.A.C. . . Maximum 22.1 percent full
load to 25.3 percent empty

OWHll }wi@t, ft -« L ] L[] - . L] L] L] * . LJ [ ] [ ] L] * L ] L] - [ ] * L) [ ] 10 l85
Over—a.ll length, f’t . - L ] L] L] L) [ 2 L] L] * L] L) - L ] L] L] . . . L[] L] L] 30 .90
Wings
Area (including section through fuselage) sg ft . . . . . . «» 130
Span, ft L] * L] * L] L] L ] e L] * L ] L3 L] L ] . L] - ' * [ ] L] L] L] . . [ 2 [ ] [ ) 28

Atrfoil section . . . . . NACA 65,~110(a = 1) and NACA 65,-108(a = 1)

Mesan aerodynamic chord, in.: c e s e o s s e e o s s 57.T2
location (aft of L.E. root chord), in. e e o e e e e e e . . 6,58

ASPECt TALIO + v ¢ ¢ o 4 4 o o o & 4 e e s o e s e 0w s e e e 6

ROO'{" Ghord., in. . . . . . . . L4 L] . L4 L4 L4 . . - L] . L] . L] . . L) Th' -2
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TABLE I — Continued

13

PHYSTICAL CHARACTERISTICS OF BELL XS—1 AIRPLANE — Continured

Tip Chord., 111- « e & & & & & © @ o *o ¢ o
T&Per ratio . . - L] L [ ] [ . . ._ L) . ] .

Incidence, deg:
Root L] L] L] L ] L ] L] L] L ‘ L - - L] L] L] L]

Tip L] * * * L] L] L] L] - L] L] - L L] L L] .

Sweepback (leading edge), deg€ + « « «
Dihedral (chord plene), deg . « « « « .

- Wing fleps (plain):
Area, 8qg ft . .

span, ft L L * L L L L] L] L] L . L] . L]
Chord, root, In. . ¢« ¢ ¢ o ¢ ¢ « o o
Chord, tip, In. « ¢« ¢« ¢ ¢ « ¢« o & « &
Trevel, dog . o s « ¢ o ¢ o ¢ o o o «

Aileron:
Ares (each aileron behind hinge line},
Span, ft * L] . * L] [ ] L] - L

Travel, deg@ . « o+ ¢ o ¢ o ¢ s o « o o
Chord, percent wing chord . . . . . .
Root-mean—-square chord, ft . . . « &
Horizontal tail:

Area, 8¢ £ « ¢ o ¢« o ¢ ¢ ¢ o & o « &
Span, ££ o ¢ &+ ¢ e« e 4 o 2 o 0 e o
Aspect ratlo . & ¢ o ¢ ¢ o ¢ o o o .
Distance from airplane design c.g. to

of tall, f£ ¢ ¢ ¢ ¢ ¢ o o o o o &

Stabilizer travel, deg (power actuated)

Elevator (no aesrodynamic balance):
Mea’ Bq_ ft * L] L ] - L] L] L] - L] L] L ] L] -
Travel from stabilizer, deg . . « « «

Root-mean—square chord, ft . . . + .

Chord, percent horizontal—tall chord

s8g ft

11.6
5.83
14,84
10.58
L] 60

3.15

5.8
. 212
. 1

>
0.565

* o o o @ 26.0
e o w o & ll.h-
* °o o o s e 5

25 percent M.A.C. .
« = . @ . . . . L) 1303

8° neee up. and
10° nose down

« ¢ o s = 5.2
15° nose up and
T° nose down
. « o 0464
L ] [ ] » L ] 20

‘ZZEE;§:F7
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TABLE I - Concluded

PHYSICAL CHARACTERISTICS OF BELL XS—1 AIRPLANE

Verticsal tail:
Area (excluding dorsal Pin), 8 £t ¢ ¢« « ¢« o ¢ o
Total height above horlzontal stabilizer, in. . .
Fin;

Area (excluding dorsal), 8¢ ft .+ . ¢« o « « « &
Offset from thrust axls, deg . . . « & « o ¢
Rudder (no aerodynamic balsance)

Area, sg ft . . .
Spen, £t . ¢« ¢ ¢ ¢ ¢ o o .
Travel, deg . . .

Root—mean—square chord, ft
Chord, percent vertical—tail chord

¢ e
L

” e o+ o

- Concluded

e e e s . . 25.6
e s e s o B1.25

e e e e . . 204

* s 4 & & & . 0

. 5.2
. 6.58
« t15

0.798
L] 20
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Figure 1.~ Three-view drawling.

X8-1 airplans.
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Figure 3.- Variation of control-surface deflection with pilot's control
position. XS-1 airplans.
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Figure 6.~ Variation of elevetor stick force and position required for trim with "Indicated
airspeed as measured in steady gliding flight at various wing loadings and stablilizer

positions. Center-of-gravity location at approximately 25 percemt M.A.C. XS-1 airplane
with 10-percent-thick wing. .
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Figure T.- Varlation of elevator position, corrected to zero stabilizer
bositlon, required for trim wilth normsl-forece coefficient for steady
gliding flight with flaps and gear up. Center-of-gravity location
at approximastely 25 percent M.A.C.; XS-1 alrplane with 10-percent-
thick wing. :




24 NACA RM No. I8AQ9

Figure 8.- Variation of elevator position wilth indicated airspeed and
Mach number for trim in steady powered flight. XS-1 alrplane with
10-percent-thick wing. Center of gravity approximately

22.6 percent M.A.C.; % = 89 1b/sq £ft. Stabilizer position 2.1°.
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Figure 9.- Variatlon of elevator stick force and position with indiceted airspeed for trim in steady
gliding flight with several stabilizer settings. X8-1 alrplane with 8-percent-thick wing.

Center of gravity 25 percent M.A.C.; g. = 53.8 1b/aq ft.
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Flgure 10.- Time history of a power-on turn with slowly increasing
normal acceleration at & Mach number of about 0.75. XS-1 airplane
wlth 10-percent-thick wing.
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Figure 11.- Times history of a powsr-off turn with rapidly increasing
normal acceleration at & Mach number of about 0.72. XS-1 alrplane
with 8-percent-thick wing.
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(a) Variation of elevator position
with normal acceleration.

Figure 12.- Results obtained in turns at Mach numbers of 0 .48
and O.t9, XS-1 airplane with 10-percent-thick wing. Gliding

flight; center of gravity, 25.3 percent M.A.C.; % = 51.9 1b/sq ft.
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(b) <Variation of elevator position with
normal-force coefficient.

Figure 12.- Continued.
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(¢) TVariation of elevator wheel force
with normal aoceleration.

Figure 12.- Concluded.
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(a) Variation of elevator positi
with normal acceleration.

Figure 13.- Results obtained in turns at Mach numbers of 0.53, 0O -65,
and 0.69. XS-1 alrplsne with 10-percent-thick wing. Gliding

flight; center of gravity, 25.3 percent M-A-C-; % = 51.9 l'b/sq_ ft.
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(b) Variation of elevator position
with normel-~force coefficient.

Figure 13.- Continued.
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T7Iv

Figure 13.- Concluded.

(o) Varlation of elevator wheel force

with normal zcceleration,
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(a)

Variation of elevator position
with normal acceleration.

Figure 1l4.- Results obtained in turms at Mach numbers of 0.68, 0.72,
XS-1 airplene with 10-percent-thick wing.

and 0.75 wilth power on.
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(b) Variation of elevator position
with normal- force ocoefficient.

Figure 1ll.- Continued.
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(c) Variation of elevator wheel force
with normsl acceleration.

Figure 1h4.- Concluded.
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(2) Variation of elevetor position
with normal acceleration.

Figure 15.- Results obtained in turns at Mach numbers of 0.67, 0.68,
XS-1 airplane with 8-percent-thick wing. Gliding flight; center

of gravity, 25 percent M.A.C.; E‘TS— = 53.8 1b/sq Tt.
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(v) Variation of elevator deflection
with normal-force coefficient,

Flgure 15.- Continued.
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(a) Variation of elevator pos
with normal acceleration.

ition

Figure 16.- Results obtained in turns made at Mach numbers of 0.72
and 0.7%. 3XS-1 airplsne with 8-percent-thick wing. Gliding

flight; center of gravity, 25 percent M.A.C.; % = 53.8 1b/sq ft.
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(p) Variation of elevator angle with
normal—force coefficient.

Figure 16.- Continued.
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(c) vVariation of elevator wheel force
with normsl acoceleration.

Figure 16.- Concluded.
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Figure 19.- Time history of a landing, XS-1 airplane with
10-percent-thick wing. Center of gravity, 25 percent M.A.C.

g= 32.5 1b/sq ft. Stabilizer setting, 1.1°.
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Figure 20.- Variation of helix angle pb/2V with change in right
alleron deflectlon as meassured in clean condition, rudder-fixed
alleron rolls. XS5-1 l0-percent-thick-wing alrplane.
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Filgure 21.- Typical time history showing mileron force end position during steady flight.

I5-1 alrplane wlth l0-percent-thick wing.
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130 mph.

(a) v,

with

;5 Tlaps and gear down.

.— Steady sideslip characteristics, XS5—1 alrplane
Gliding flight

10-percent—thick wing.

Figure 22
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— Continued

Figure 22.
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Figure 23.— Steady sideslip characteristics, XS—1 airplane with

Flaps and gear up.

10~percent—thick wing.
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s

Gliding flight, Vy = 2k7 mph.

(1)

Figure 23.— Continued.
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(¢) Power on;

Figure 23.—~ Concluded.

Vy = 400 mph;

M = 0.72.
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Figure 27 .- Tims history of a stick-fixed inadvertent lateral

Gliding flight; relative density factor, p of

oascillation.
about 100.

XS-1 airplsne with 10-percent-thick wing.
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Figure 28.- Time history of an inadvertent lateral oscillation in a
power-off turn, rough air. Relative density factor u of about 45.
XS-1 airplane wlth 10-percent-thick wing.
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Figure 29.- Time hlstory of abrupt rudder relesase with powsr on.
M=20.73, %: 2.1 l'b/sq_ 5. XS-1 alrplane with 10-percent-

thick wing.
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(a) Full Fuel

Various smounts

7&'0.
XS-1 8-percent—thick-wing airplane.

— Time histories of abrupt rudder kicks with

essentlally conetant reletive density factors and an

average Mach number of about O,

of fuel aboard.

Figure 30
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25 percent fuel

)

(¢

— Continued.

Figure 30
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(d) No fuel.

Figure 30.~ Continued.
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(e) No fuel.

- Concluded.

Figure 30.
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Figure 31.- Time history of a steady stall. XS-1 airplane with
10-percent-thick wing. Gliding flight; flaps and gear up. Center
of gravity, 25 percent M-A-C. ¥ =56.3 Ib/sq ft. Stabilizer
position, 0.25°.
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Figure 32.- Time hilstory of a steady stall. XS-1 airplane with
10-percent-thick wing. Gliding flight; flaps and gear up;

‘_Sf.= 32.5 1b/sq ft. Stabilizer settings, 1.0°.



NACA RM No. I8AQ8

67

eol] £

- ’
=7 =
Y 4
b P} ot
d. 1Y = -
5 e : " :
y- i 3 ki = ——
-
i
= 3
0 e o L~
l - @ ;
T
Q
21000 7o~
: e 5 S Ayipege
q - - \\ > . g
q T 4" M S Wy L el -3 15
E X i
006 - 3
i B 1
i 3 ki - 3
3 el, lsdc R S0 N SO 0 O O .

Figure 33.- Time history of a steady stall, XS-1 airplane with
8-percent-thick wing-. Gliding flight; flaps and gear up-.

‘54' = 53.8 1b/sq ft. Stabilizer setting, 2.35°.
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Figure 34.- Time history -of a steady stall, XS-1 airplene with
10-percent~thick wing. Gliding flight, flaps and gesr down.

Center of gravity, 25 percent M.A.C. g— = 32.5 lb/sq L.
Stabilizer setting, 1.0°.
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Flgure 35.~ Time history of a steady stall, XS5-1 airplane with
8-percent-thick wing. Gliding flight, fleps and gear down.

g= 53.8 1b/eq ft.

Center of gravity, 25.0 percent M.A.C.
Stabilizer position, 2.35°.
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Figure 36.- Time history of a stalled turn. ZXS-1 airplane with
10-percent-thick wing. Center of gravity, 25 percent M.A.C.

‘gf = 51.9 1b/sq £t
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Figure 37.- Time histories of power-off abrupt pull-ups.
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